
 

 

Dissolved Oxygen TMDL for the 

Wintering River  in 

McHenry and McLean Counties, 

North Dakota 
 

 

 

 

 

 

 

 

 

 

                                               Final: October 2010 

                                                                                                

   

 Prepared for: 

 US EPA Region 8 

 1595 Wyncoop Street 

 Denver, CO 80202-1129 

  

 Prepared by: 

 Heather A. Husband Duchscherer 

 Environmental Scientist 

 North Dakota Department of Health 

 Division of Water Quality 

 918 E. Divide Ave., 4
th
 Floor 

 Bismarck, ND 58501-1947 
 

 

 

 

 
 

North Dakota Department of Health 

Division of Water Quality 
 



 

 

Dissolved Oxygen TMDL 

for the Wintering River in 

McHenry and McLean Counties, North Dakota 
 

 

 

 
 

 

 

 

 

 

John Hoeven, Governor 

Terry Dwelle, M.D., State Health Officer 

 

 

 

 
 

 

 
  

  

 

 

 

 

 

 

North Dakota Department of Health 

Division of Water Quality 

Gold Seal Building 

918 E. Divide Ave., 4
th
 Floor 

Bismarck, North Dakota 58501-1947 

 

701.328.5210



Wintering River Dissolved Oxygen TMDL                  Final: October 2010 

Page iii  of v 

Table of Contents          iii 

List of Figures           iv 

List of Tables           iv 

Appendices           v 

 

1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED   1 

 1.1 Clean Water Act Section 303(d) Listing Information    2 

 1.2 Ecoregions         3 

 1.3 Land Use          4 

1.4 Climate and Precipitation        6 

 1.5 Available Data         8 

 1.5.1 Dissolved Oxygen Data      9 

 1.5.2  Hydraulic Discharges       11 

 1.5.3  Other Data        11 

 

2.0 WATER QUALITY STANDARDS       13 

2.1 Narrative Water Quality Standards      13 

 2.2 Numeric Water Quality Standards      14 

 

3.0 TMDL TARGETS         14 

3.1 Dissolved Oxygen Target        14 

 

4.0 SIGNIFICANT SOURCES        14 

 4.1 Point Sources         14 

 4.2 Nonpoint Sources         15 

 

5.0 TECHNICAL ANALYSIS        15 

 5.1 Definition of Water Quality Terms      16 

 5.2 Dissolved Oxygen Interactions       17 

 5.3 Correlating the Dissolved Oxygen Target with the TMDL Load  

       Reduction Parameter        18 

 5.4 Discharge Data         20 

 5.5 BOD Spreadsheet Model Analysis      22 

5.5.1 Overview        22 

5.5.2 Model Calibration       23 

5.5.3 Reach 2 Calibration       25 

5.5.4 Determination of TMDL Loads for Each Reach   25 

5.6 Loading Sources         25 

 

6.0 MARGIN OF SAFETY AND SEASONALITY      26 

6.1 Margin of Safety         26 

6.2 Seasonality         26 

 

7.0 TMDL           26 

 

8.0 ALLOCATION          28 

 8.1 Livestock Management Recommendations     28 

 8.2 Other Recommendations        29 

 

9.0 PUBLIC PARTICIPATION        30 



Wintering River Dissolved Oxygen TMDL                  Final: October 2010 

Page iv of v 

10.0 MONITORING          31 

 

11.0 TMDL IMPLEMENTATION STRATEGY      31 

 

12.0 REFERENCES          33 

 

List of Figures 

 

1.   Location of Wintering River and its Watershed in North Dakota 1 

2.   Location of Wintering River and its Watershed 2 

3.   Level IV Ecoregions of the Wintering River Watershed 4 

4.   Land Use Map for the Wintering River Watershed 6 

5.   Average Total Monthly Precipitation Data for HPRCC Station at  

      Towner, North Dakota (328792), 1896-2008 7 

6.   Rainfall Amounts at the Karlsruhe, ND  NDAWN Weather Station, 2006-2007 7 

7.   Sampling Site Locations on the Wintering River 8 

8.   Dissolved Oxygen Concentrations for Site 384107in 1997 9 

9.   Dissolved Oxygen Concentrations for All Sites in 2006  10 

10. Dissolved Oxygen Concentrations for All Sites in 2007 10 

11. Schematic of the Major Processes Influencing DO in Rivers  17 

12. Diurnal Oxygen Swings in Wintering River  19 

13. Idealized Diurnal Dissolved Oxygen Response to Photosynthetic Cycles 19 

14. Discharge and Dissolved Oxygen for Site 384107 in 2006 20 

15. Discharge and Dissolved Oxygen for Site 384107 in 2007 21 

16. Discharge and Dissolved Oxygen for Site 385386 in 2006 21 

17. Discharge and Dissolved Oxygen for Site 385386 in 2007 22 

 

List of Tables 

 

1.   General Characteristics of Wintering River and its Watershed    1 

2.   2010 Section 303(d) TMDL Listing Information for the Wintering River  2 

3.   Major Land Use Categories in the Wintering River Watershed    5 

4.   Land Use Types in the Wintering River Watershed     5 

5.   Minimum Daily Dissolved Oxygen Concentrations (mg/L) During Intensive  

      Sampling, 2007          9 

6.   Draft IBI Threshold Condition Values for the Northern Glaciated Plains  

      Ecoregion (46)          11 

7.   IBI Scores for Wintering River, 1997 and 2007.      12 

8.   Riparian Health Assessment Summary for the Wintering River    12 

9.   Rapid Geomorphic Assessment Summary for the Wintering River   13 

10.  North Dakota Dissolved Oxygen Standards for Class III Streams   14 

11.  Summary of Calibration Terms for the Wintering River BOD Model   24 

12   TMDL Summary for the Wintering River      27 

13. Dissolved Oxygen TMDL Using BOD Loads for the Wintering River 

       (ND-09010003-003-S_00), Reach 2 (headwaters to site 3853786)   27 

14. Dissolved Oxygen TMDL Using BOD Loads for the Wintering River 

       (ND-09010003-003-S_00), Reach 1 (site 3853786 to downstream end of reach) 28 

15. Relative Gross Effectiveness of Confined Livestock Control Measures   30 

  

 



Wintering River Dissolved Oxygen TMDL                  Final: October 2010 

Page v of v 

Appendices 

A.  Wintering River Water Quality Data 

 

B.  Wintering River Discharge Data 

 

C.  BOD Spreadsheet Model Results 

 

D. Riparian Health Assessment Protocol  

 

E.  Rapid Geomorphic Assessment Protocol 

 

F. US EPA Region VIII Public Notice Review and Comments 

 

G. NDDoH Response to Comments 

 

 

 

 



Wintering River Dissolved Oxygen TMDL                Final: October 2010 

Page 1 of 34 

1.0  INTRODUCTION AND DESCRIPTION OF THE WATERSHED  

 

Wintering River is located within the Mouse (Souris) River Watershed, in southwest McHenry 

and northeast McLean Counties, in north central North Dakota (Figures 1 and 2).  The river is 

207.8 miles long and its watershed has an area of 555,520 acres. The Wintering River and its 

watershed flow northward and empty into the Mouse (Souris) River. Table 1 summarizes some 

of the geographical, hydrological and physical characteristics of the Wintering River and its 

watershed. 
 

 

Figure 1.   Location of Wintering River  and its Watershed in North Dakota. 

 

Table 1. General Characteristics of Wintering River  and its Watershed. 
Legal Name Wintering River 

Stream Classification Class III 

Major Drainage 

Basin 

Mouse (Souris) River
1
 

8 Digit HUC 09010003 

Counties McHenry and McLean Counties, ND 

Eco-region Level III: Northern Glaciated Plains (46) 

Level IV: Glacial Lake Deltas (46d) and Drift Plains (46i) 

[Small portion in Northwestern Glaciated Plains (42), Missouri Coteau (42a)]   

Watershed Area 555,520 acres 

River M iles 207.8 miles 
1
 Recent local legislation passed that determined the river shall be called Mouse River on all identifiable signs.   

    
It is also known as the Souris River in Canada and to many state and federal agencies within North Dakota 
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    Figure 2.   Location of Wintering River  and its Watershed. 

 

1.1  Clean Water Act Section 303(d) Listing Information  

 

Based on the 2010 Section 303(d) list of impaired waters needing TMDLs, the North 

Dakota Department of Health (NDDoH) has identified the Wintering River as fully 

supporting, but threatened for fish and aquatic life beneficial use due to low dissolved 

oxygen levels.   

 

 Table 2. 2010 Section 303(d) TMDL Listing Information for the Wintering River . 

Assessment Unit ID ND-09010003-003-S_00 

Waterbody Description 
Wintering River, including all tributaries. Located in SW 

McHenry County and NE McLean County 

Size 207.8 miles 

Impaired Designated Uses Fish and Aquatic Life 

Use Support Fully Supporting, but Threatened 

Impairment  Low Dissolved Oxygen 

Priority  High  
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1.2 Ecoregions 

 

The Wintering River begins at Wintering Lake, southwest of Bergen, ND and flows east 

then north to the Souris River. Approximately 87 percent of the Wintering River 

watershed lies within the Drift Plains level IV ecoregion (46i), with ten percent in the 

Glacial Lake Deltas ecoregion (46d), and about three percent in the Missouri Coteau  

ecoregions (42a) (Figure 3).These all belong to the Northern Glaciated Plains (46) level 

III  ecoregion. 

The Drift Plains are characterized by generally flat to occasionally rolling topography 

with a thick layer of glacial till left behind by the Wisconsinan glaciers. Prior to 

cultivation, the Drift Plain grasslands were a mixture of tall grass and short grass prairie. 

There are a good proportion of temporary and seasonal wetlands throughout the 

watershed. The Glacial Lake Deltas were deposited by rivers entering glacial lake basins 

(e.g., Glacial Lake Souris). The heaviest sediments, mostly sand and fine gravel, formed 

delta fans at the river inlets. As the lake floors were exposed during withdrawal of the 

glacial ice, wind reworked the sand in some areas into dunes. In contrast to the highly 

productive, intensively tilled glacial lake plains, the dunes in the delta areas have a thin 

vegetative cover and a high risk for wind erosion. These areas are used mainly for 

grazing or irrigated agriculture.  A small portion of the Missouri Coteau ecoregion is 

within the watershed. It consists of a glaciated, hummocky, rolling stagnation moraine. 

Stream drainage is absent or uncommon and there are numerous pothole wetlands 

between mounds of glacial till. Soils consist of thick glacial till over Tertiary sandstone 

and shale. Elevation in the watershed ranges from 1,080 to 2,000 ft (msl) (USGS, 2006).  

The soils present belong to the Order Mollisols and are typically Barnes, Svea, Hamerly, 

and Parnell. Though the till soil is very fertile, agricultural success is subject to annual 

climatic fluctuations. (USEPA, et al. 1998) 
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Figure 3. Level IV Ecoregions of the Wintering River Watershed. 

 

1.3  Land Use  

 

Land use data from the North Dakota Agricultural Statistics Service (NDASS, 2006) 

indicates that the watershed is primarily agricultural (84.6 percent), consisting of crop 

production and livestock grazing.  Forty-three (43) percent of the agricultural land is 

actively cultivated, tilled mainly for durum, spring wheat, other small grains (e.g., rye, 

oats), and a variety of other crops (Table 4).  Forty-one (41) percent of the watershed is 

pasture/range/haylands.  Four  (4) percent is low density urban development, while water 

and woods make up almost ten (10) percent of the watershed (Tables 3 and 4, Figure 4). 

There are no confined animal feeding operations (CAFOs) within the contributing 

drainage. There are 14 animal feeding operations (AFOs), of which two have undergone 

the State permitting process.  While all CAFOs must obtain a permit, only those AFOs 

that have the potential to impact water quality are required to obtain a permit. For more 

details on operations requiring a permit, please refer to North Dakota State Century Code, 

Chapter 33-16-03.1-05. 
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Table 3. Major Land Use Categories in the Wintering River Watershed (based on 

2006 NDASS data).  

Major Category Acres Percent of Watershed 

Agriculture/Cultivated 241,682.5 43.50 

Pasture/Range/Hay 228,311.6 41.10 

Urban/Barren 23,397.1 4.21 

Water 46,507.2 8.37 

Woods 9,683.5 1.74 

No Data 5,938.1 1.07 

 

 

Table 4. Land Use Types in the Wintering River Watershed (based on 2006 NDASS 

data). 

 

Land Use Type 

 

Acres 

Percent of 

Watershed 

Winter Wheat 804.62 0.15 

Durum/SpringWheat 130,451.86 23.48 

Rye/Oats/Other Small Grains 5,636.78 1.01 

Beans/Peas/Lentils 62,195.10 11.20 

Sunflowers 10,730.78 1.93 

Corn 16,373.51 2.95 

Potatoes 410.06 0.07 

Mustard Seed 110.93 0.02 

Flax 3,879.63 0.69 

Canola/Safflower 11,149.20 2.01 

   

Idle/CRP/Hayland 118,107.74 21.26 

Pasture/Range 48,333.08 8.70 

Alfalfa 61,870.83 11.14 

   

Water 46,507.24 8.37 

Woods 9,683.45 1.74 

Urban 22,078.44 3.97 

Barren 1,318.70 0.24 

No Data 5,938.05 1.07 

   

TOTAL  555,520 100 
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Figure 4. Land Use Map for the Wintering River  Watershed (NDASS, 2006). 

 

1.4  Climate and Precipitation 

 

North Dakotaôs climate is characterized by large temperature variation across all time 

scales, light to moderate irregular precipitation, plentiful sunshine, low humidity, and 

nearly continuous wind.  Its location at the geographic center of North America results in 

a strong continental climate, which is exacerbated by the mountains to the west. There are 

no barriers to the north or south so a combination of cold, dry air masses originating in 

the far north and warm humid air masses originating in the tropical regions regularly 

overflow the state. Movement of these air masses and their associated fronts causes near 

continuous wind and often results in large day to day temperature fluctuations in all 

seasons.  The average last freeze in spring occurs in late May. In the fall, the first 32 

degree or lower temperature occurs between September 10
th
 and 25

th
. However, freezing 

temperatures have occurred as late as mid-June and as early as mid-August. About 75 

percent of the annual precipitation falls during the period of April to September, with 50 

to 60 percent occurring between April and July. Most of the summer rainfall is produced 

during thunderstorms, which occur on an average of 25 to 35 days per year.  On the 

average, rains occur once every three or four days during the summer.  Winter snowpack, 

although persistent from December through March, only averages around 15 inches (Enz, 

2003). Historical average monthly precipitation data from the High Plains Regional 

Climate Center (HPRCC) can be seen for the Towner, ND station (about ten miles 

northeast of the watershed) in Figure 5. 
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Figure 5. Average Total Monthly Precipitation Data for the HPRCC Station at 

Towner, North Dakota (328792), 1896 ï 2008. 

 

Average annual air temperatures at the Karlsruhe, ND North Dakota Agricultural 

Weather Network (NDAWN) station, located within the Wintering River watershed, were 

44
o
 F in 2006 and 46

o
 F in 2007, with an average annual wind speed of 11.2 mph.  Total 

annual precipitation was 10.27 inches in 2006 and 9.58 inches in 2007 (Figure 6). 

November through February averages about 0.50 inches of precipitation per month, 

occurring mostly as snow.  Measurable precipitation (0.01 inch or more) occurs an 

average of 65 to 100 days during the year with over 50 percent of these events producing 

less than 0.10 inch (NDAWN, 2008). 

 

 
Figure 6. Rainfall Amounts at the Karlsruhe, ND NDAWN Weather Station, 2006-

2007. 
  



Wintering River Dissolved Oxygen TMDL                Final: October 2010 

Page 8 of 34 

1.5  Available Data 

The Wintering River has no major tributaries and very ephemeral flows.  This is 

especially noticeable in the upstream reaches, which often have no flow by June.  The 

river has three distinct regions (upstream, mid-river, and downstream).  The upstream 

third of the river is very ephemeral and has flows only during spring runoff and large 

rainfall events.  The middle third is functionally a large wetland with almost no flow, 

except for very large rain events.  The downstream section functions as a typical stream 

and has springs which usually provide flow for portions of this section throughout the 

entire year.   

 

For this project, four sites (385388, 384106, 385386, and 384107) were sampled for 

water quality and flow from April 2006 through August 2007 (Figure 7). By September 

of both years, the flow at all sites was zero, with the springs contributing no noticeable 

flow to the downstream portion.  In 2007, monitoring was moved from site 385388 to site 

384106. These sites are similar enough and spatially close enough to be considered 

comparable, so effectively data for this TMDL comes from three locations with sites 

384388 and 384106 being combined into one reporting unit.  The downstream ïmost site, 

384107, is co-located with a USGS gauging station (05120500). Limited DO data from 

1997 is also available for site 384107. 

 

 
Figure 7. Sampling Site Locations on the Wintering River  
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1.5.1 Dissolved Oxygen Data 

 

In 2006, extreme low flow conditions in the river prevented any intensive sampling. 

Three intensive sampling events in 2007 were conducted to characterize dissolved 

oxygen (DO) concentrations at the three stations.  These included a 30-hour 

sampling period between May 9-10 with five samples collected, a five hour period 

on May 23
rd

 with a range of three to five samples collected at staggered time 

intervals, and a four hour period on June 5
th
 with four to seven samples collected at 

staggered time intervals. An additional sample was taken on June 6
th
 after a 24-hour 

gap (Appendix A). Minimum daily DO concentrations are summarized in Table 5 

(Houston Engineering, 2007). 

 

Table 5. Minimum Daily Dissolved Oxygen Concentrations (mg/L) During 

Intensive Sampling, 2007. 

Station May 9-10 May 23 June 5-6 

384106 (upstream) 4.90 5.60 2.62 

385386 (mid ïriver) 1.98 7.28 3.51 

384107 (downstream) 5.58 9.42 6.65 
1 No flow in Wintering River during these months.  No samples were collected. 
 

Outside of the intensive sampling events, DO data was collected from April until 

there was no flow, usually between the end of June and beginning of August.  

Figures 8, 9, and 10 depict DO concentration data for 1997, 2006, and 2007 

respectively.  Biochemical oxygen demand (BOD) and chemical oxygen demand 

data (COD) were also collected for use in modeling. Summary tables for each 

sampling site can be found in Appendix A. 

 

 
Figure 8.  Dissolved Oxygen Concentrations for Site 384107 in 1997. 
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Figure 9.  Dissolved Oxygen Concentrations for All Sites in 2006. 

 

 

 

Figure 10. Dissolved Oxygen Concentrations for All Sites in 2007. 
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1.5.2 Hydraulic Discharges 

 

For all sites except 384107, discharge data were estimate using stream velocity and 

stream stage measurements. Due to lack of flow readings, no rating curve could be 

developed for station 384106. A rating curve was developed for station 385388 

based on limited data collected in 2006. This rating curve appears to have been 

influenced by a confounding factor, as data were noticeably variable. A rating curve 

was developed for station 385386 as paired discharge and stage data demonstrate a 

reasonable relationship (Appendix B). Site 384107 was co-located with a USGS 

gauging station (05120500), which provided continuous mean daily discharge data.  

 

1.5.3 Other Data 

 

Macroinvertebrate sampling was conducted at four sites along the Wintering River 

(Figure 7). In order to interpret these biological data and to develop a biological 

assessment methodology, the NDDoH has adopted the ñmulti-metricò index 

approach to assess biological integrity or aquatic-life use support for rivers and 

streams. The multi-metric index approach assumes that various measures of the 

biological community (e.g., species richness, species composition, trophic structure, 

and individual health) respond to human-induced stressors (e.g., pollutant loadings 

or habitat alterations). Each measure of the biological community, termed a 

ñmetric,ò is evaluated and scored on either a 1-, 3-, 5-point scale (fish) or on a scale 

of 0-100 (macroinvertebrates).  The higher the score, the better will be the 

biological condition and, presumably, the lower the pollutant or habitat impact. 

  

Currently the multi-metric IBI for the Northern Glaciated Plains (46) level III 

ecoregion is under development. However, enough data has been compiled and 

analyzed to allow a general interpretation of the IBI scores for the Wintering River 

watershed. Draft IBI scores with associated threshold condition and aquatic life 

beneficial use support are listed in Table 6. 

 

 As indicated in Table 7, scores have declined significantly since 1997 across all 

habitat types, with the greatest decline in scores associated with riffle/run habitat 

types.  This is also an indication of riparian erosion and livestock directly in the 

river increasing erosion and deposition of sediment on the river bed, as well as a 

corresponding increase in organic matter and nutrients causing oxygen depletion.  

Macroinvertebrate species in the riffle/run habitat type are less tolerant to low 

DO/high temperature/high total suspended sediment conditions than are those 

species common to the glide pool habitat. 

 

Table 6. Draft IBI Threshold Condition Values for the Northern Glaciated 

Plains Ecoregion (46). 

Good ï Fully Supporting Fair ï Fully Supporting 

But Threatened 

Poor - Not Supporting 

25
th
 Percentile or > 70 IBI < 69 IBI and > 59 IBI 10

th
 Percentile or < 58 IBI 
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Table 7.  IBI Scores for Wintering River , 1997 and 2007. 

Station 

ID 

 

Type 

1997 

IBI Score 

 

Condition 

2007 

IBI Score 

 

Condition 

Aquatic Life  

Designated Use 

552004 RR
1
 33 Poor 10 Poor Not Supporting 

552005 

 

GP
2
 49 Poor 42 Poor Not Supporting 

552006 RR
1
 36 Poor 16 Poor Not Supporting 

552007 GP
2
 64 Fair 56 Poor Not Supporting 

1
RR = Rifle/Run Habitat 

2
GP = Glide/Pool Habitat 

 

A riparian assessment was conducted with the help of the Natural Resources 

Conservation Service using the Riparian Health Assessment Protocol (Appendix C).  

Twenty-three (23) sites were chosen based on a random sampling method provided 

by the US EPA. Each site was scored based on numerous ranking questions 

including those on stream bank vegetative cover and livestock caused bare ground/ 

hummocking. This tool is useful in determining where livestock may be 

contributing to the organic load (which increases BOD and therefore decreases the 

concentration of DO in the river). Total points possible are 57.  A summary of the 

assessment is provided in Table 8.  Of the 23 sites sampled (Figure 7), 17 scored in 

the Healthy range, five scored in the range of Healthy with Problems, and only one 

scored in the Unhealthy range.  The sites closer to the Unhealthy range were mostly 

located in the downstream portion of the watershed. 

 

Table 8. Riparian Health Assessment Summary for the Wintering River.  

Points Percent of Total Conditions Status Number of Sites 

57/57 100  

Healthy 

3 

52/57 91 7 

46/57 80 7 

40/57 70  

Healthy with Problems 

2 

37/57 65 3 

34/57 60 0 

32/57 56  

Unhealthy 

1 

29/57 51 0 

23/57 40 0 

17/57 30 0 

 

A Rapid Geomorphic Assessment (Appendix D) was also conducted to determine 

stream channel stability and stage of channel evolution. Areas identified in this 

assessment as having high stream bank erosion and instability are good indicators 

of areas contributing to the organic load.  The seven sites assessed corresponded to 

the three water quality sites and four macroinvertebrate sampling sites.  Scores of 0-

15 were ranked as stable, and 15-30 were ranked as unstable. Only one site (Site 

552007) ranked as unstable at 23.5 points. This site is located furthest downstream 

in the watershed (Table 9). 
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Table 9. Rapid Geomorphic Assessment Summary for the Wintering River  

Site Score Condition Status Upstream 

 

 

 

 

 

 

Downstream 

552004 14 Stable 

384106 8 Stable 

552005 7 Stable 

385386 8 Stable 

552006 7.5 Stable 

384107 8 Stable 

552007 23.5 Unstable 

 
 

2.0 WATER QUALITY STANDARDS  

  

The Clean Water Act requires that Total Maximum Daily Loads (TMDLs) be developed for 

waters on a state's Section 303(d) list.  A TMDL is defined as ñthe sum of the individual 

wasteload allocations for point sources and load allocations for nonpoint sources and natural 

backgroundò such that the capacity of the waterbody to assimilate pollutant loadings is not 

exceeded.  The purpose of a TMDL is to identify the pollutant load reductions or other actions 

that should be taken so that impaired waters will be able to attain water quality standards.  

TMDLs are required to be developed with seasonal variations and must include a margin of 

safety that addresses the uncertainty in the analysis.  Separate TMDLs are required to address 

each pollutant or cause of impairment (i.e., fecal coliform bacteria).  

 

2.1  Narrative Water Quality Standards 
 

The North Dakota Department of Health has set narrative water quality standards that 

apply to all surface waters in the State.  The narrative general water quality standards are 

listed below (NDDoH, 2006).  

 

 All waters of the State shall be free from substances attributable to municipal, 

industrial, or other discharges or agricultural practices in concentrations or 

combinations that are toxic or harmful to humans, animals, plants, or resident 

aquatic biota. 

 

 No discharge of pollutants, which alone or in combination with other substances, 

shall: 

 

1. Cause a public health hazard or injury to environmental resources; 

 

2. Impair existing or reasonable beneficial uses of the receiving waters; or 

 

3. Directly or indirectly cause concentrations of pollutants to exceed 

applicable standards of the receiving waters. 

 

In addition to the narrative standards, the NDDoH has set a biological goal for all surface 

waters in the State.  The goal states that ñthe biological condition of surface waters shall 

be similar to that of sites or waterbodies determined by the department to be regional 

reference sitesò (NDDoH, 2006). 
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2.2 Numeric Water Quality Standards 

 

Wintering River is a Class III stream which carries the following definition: 

 

Class III - The quality of the waters in this class shall be suitable for agricultural and 

industrial uses. Streams in this class generally have low average flows with prolonged 

periods of no flow. During periods of no flow, they are of limited value for recreation and 

fish and aquatic biota. The quality of these waters must be maintained to protect 

secondary contact recreation uses (e.g., wading), fish and aquatic biota, and wildlife uses. 

 

Numeric criteria have been developed for Class II I streams for DO (Table 

10).  

 

Table 10.  North Dakota Dissolved Oxygen Standards for Class III  Streams. 

Parameter 
Water Quality Standard 

(minimum value) 

Dissolved Oxygen 5.0 mg/L
1
 

1 
Up to 10% of representative samples collected during any 3yr period may be less than this value provided 

lethal conditions are avoided. 
 

3.0 TMDL TARGET  

 

A TMDL target is the value that is measured to judge the success of the TMDL effort.  TMDL 

targets must be based on state water quality standards, but can also include site specific values 

when no numeric criteria are specified in the standard. The following TMDL target for the 

Wintering River is based on the North Dakota water quality standard for DO. If the target is met, 

the aquatic life beneficial use will be fully supported.  

 

3.1 Dissolved Oxygen Target 

 

The North Dakota State Water Quality Standard for DO is ñ5.0 mg/L as a daily minimum 

(up to 10 percent of representative samples collected during any three year period may be 

less than this value provided that lethal conditions are avoided)ò and will be the DO 

target for the Wintering River. 

 

4.0 SIGNIFICANT SOURCES 
 

4.1 Point Sources 

 

Within the Wintering River watershed there are no point sources permitted through the 

North Dakota Pollutant Discharge Elimination System (NDPDES) Program. Towns 

located within the watershed utilize septic waste systems. 

 

There are no confined animal feeding operations (CAFOS) in the Wintering River 

watershed.  There are two permitted AFOs in the watershed, however, they are zero 

discharge facilities and are not deemed a significant source for this report. 
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4.2 Nonpoint Sources 

 

Land use data from the North Dakota Agricultural Statistics Service (NDASS, 2006) 

indicates that the watershed is primarily agricultural (84.6 percent), consisting of crop 

production and livestock grazing.  Forty-one (41) percent of the watershed is 

pasture/range/haylands.  Based on the 2006 NDASS data, an even larger percentage of 

the land area within an estimated 250 meter riparian buffer adjacent to the Wintering 

River is pasture/rangeland and grassland.  With agriculture being the predominant land 

use, farms and ranches are located throughout the watershed.  Livestock production is 

also exemplified as the dominant agricultural practice in McHenry and McLean Counties 

with an estimated livestock production of 113,000 cattle in the two counties combined 

(NASS, 2008).   

 

While there are no large (>1000 cattle) CAFOs within the contributing drainage, there are 

14 small (<300 cattle) animal feeding operations (AFOs), of which two have undergone 

the State permitting process (Figure 5).  There may be other AFOs in the TMDL sub-

watersheds; however their location and size are unknown.   
 

These data indicate that the primary nonpoint sources creating an oxygen demand and 

lowering the DO concentrations in the Wintering River watershed are as follows: 

 

 Nutrient runoff of from cropland and pasture; 

 Runoff of manure from unpermitted animal feeding areas; 

 Direct deposit of manure into Wintering River by livestock; and 

 Background levels associated with wildlife 

 

Failing septic systems or direct discharge sewage systems which contribute to nutrient 

loads and lower DO concentrations may also be located within the watershed.  While 

their specific location and potential for nutrient and organic matter loading are unknown, 

these systems may be associated with isolated single-family dwellings and farmsteads 

located throughout the watershed or within small towns located within the watershed that 

do not have a centralized sewer system (e.g., Karlsruhe and Balfour). 

 

5.0 TECHNICAL ANALYSIS  

 

In TMDL development, the goal is to define the linkage between the water quality 

target and the identified source or sources of the pollutant to determine the load 

reduction needed to meet the target.  To determine the cause-and-effect relationship 

between the water quality target and the identified source, Houston Engineering was 

contracted to develop a spreadsheet model that predicts biochemical oxygen demand 

(BOD) loads throughout the Wintering River. The model then relates varying BOD 

loads to predicted DO concentrations to determine the BOD load that is necessary to 

meet the DO State water quality standard of 5.0  mg/L. The loading capacity or 

TMDL is the amount of pollutant a waterbody can receive and still meet and 

maintain water quality standards and beneficial uses.  The following technical 

analysis addresses the low DO impairment through a BOD load allocation and the 

BOD load allocation reductions necessary to achieve the water quality standards 

target of 5.0 mg/L DO minimum, plus a margin of safety. 
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5.1  Definition of Water Quality Terms 

 

One of the most important parameters in aquatic ecosystems is dissolved oxygen (DO). 

Fish and macroinvertebrates require minimum levels of oxygen in order to grow, 

reproduce, and survive. Groundwater, the primary source of river flow during dry 

weather, or in this case low discharge from the upstream reservoirs, is naturally low in 

DO. Aquatic plant life serves as both a source (photosynthetic oxygen production) and a 

sink (respiration and decomposition). However, the measurement of oxygen 

concentrations does not directly measure the pollutants contributing to the impairment. 

Some analysis into interactions with other chemical processes as well as determining the 

relationship between them is required (Figure 11).  

 

Biochemical oxygen demand (BOD) represents the amount of DO required by aerobic 

biological organisms in a body of water to break down (oxidize) organic matter present in 

a given water sample at a certain temperature over a specific period of time. The greater 

the BOD, the greater the oxygen depletion in a stream or lake.  

 

Carbonaceous biochemical oxygen demand (CBOD) is the amount of oxygen required by 

bacteria to oxidize organic carbon material to carbon dioxide (its lowest energy state).  In 

rural areas, sources of oxygen-demanding substances may include diffuse runoff of 

agricultural fertilizer and animal wastes (from manure application or grazing animals), 

soil erosion, and runoff from concentrated animal operations (Vellidis, 2006). Nutrient 

levels from runoff can sometimes cause enough eutrophication to generate CBOD loads 

from decaying algae.  These may not occur locally, but instead downstream where 

velocities are slow and the algae populations collect (MPCA, 2008).  This is part of the 

process in this impaired reach of the Wintering River as the wetland complex in the 

middle of the watershed slows the flow and allows nutrient buildup.  Where the water 

velocities drop, excess algae growth is noted. 

 

Nitrogenous biochemical oxygen demand (NBOD) is the amount of oxygen required by 

bacteria to oxidize ammonia to nitrite, then nitrite to nitrate (Tchobanoglous, 1985).   

 

Sediment oxygen demand (SOD) is defined as the combination of several processes, 

primarily the aerobic decay of organic material that has settled to the bottom of the 

streambed. Examples of organic materials that can act as sources of SOD include leaf 

litter, particulate BOD in wastewater discharge, and algae or plant biomass. 
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Figure 11. Schematic of the Major Processes Influencing DO in Rivers (MPCA, 2008). 

 

5.2 Dissolved Oxygen Interactions 

 

The amount of DO in a river at any point in time reflects the combination of physical, 

chemical, and biological sources and sinks of oxygen within the reach. Sources of oxygen 

include re-aeration, transport from upstream (flow), ground water, and photosynthetic 

production by algae and aquatic plants.  Sinks for oxygen loss include the biochemical 

oxidation of suspended and dissolved organic material, oxygen demands from settled 

organic and inorganic materials, respiration of aquatic plants, and the conversion of 

nitrogen through nitrification (MPCA, 2008). When oxygen  is consumed faster than it 

can be replenished, the DO levels decline. 

 

The photosynthetic oxygen production (a source) and respiration (a sink) associated with 

aquatic plant life are important factors in the DO balance of natural waters. Of special 

concern are situations with an overabundance of free floating algae, attached algae, or 

larger submerged or emergent aquatic plants (MPCA, 2008). The middle section of the 

Wintering River system is dominated by cattails and other emergents, as well as many 

shallow pools where algae production is extensive.  The greater the availability of light 

and nutrients, the greater the growth of aquatic plants and the more impact they have on 

oxygen resources. Photosynthetic rates respond to variations in sunlight intensity and 

water turbidity, which can decrease the light transmittance through the water column.  

 

The quality of water downstream reflects the pollutant loads from upstream sources and 

tributaries in the watershed. Affected by natural and anthropogenic factors, this upstream 

water quality may exert a large influence on the DO balance of the downstream river 

segment (MPCA, 2008). Natural characteristics like lakes or wetlands, such as the one in 

the middle of this impaired river, affect downstream water quality much differently than a 

riffle-pool-run river would.  

 

Direct discharge of pollutants from point and nonpoint sources into a river segment adds 


